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(57) ABSTRACT

A device used in laser display systems for despeckling
includes a liquid crystal cell disposed in sandwiched relation
between an input and a grounded electrode. A glass cover
overlies each electrode. In a first embodiment, the cell may
include vertically or randomly oriented liquid crystal mol-
ecules and the liquid crystal cell is larger than a laser beam in
size for random phase modulation or retardation. Light loss
due to diffraction and scattering are substantially eliminated
in the absence of pixel structures. In another embodiment, the
input electrode is divided into two separate parts. Vertically
aligned liquid crystal molecules rotate and follow field
fringes created by applying a first voltage to the input elec-
trodes. Additional embodiments include a device that has two
wedge-shaped liquid crystal layers, a device that includes
plural field-induced gradient index prisms, a device including
a tilted mirror, and composite devices.

7 Claims, 5 Drawing Sheets
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METHOD FOR DESPECKLING IN LASER
DISPLAY SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 12/052,377, filed Mar. 20, 2008, entitled “APPARA-
TUS FOR DESPECKLING IN LASER DISPLAY SYS-
TEMS,” which claims the benefit of U.S. Provisional Appli-
cation Ser. No. 60/895,933, filed Mar. 20, 2007, entitled
“APPARATUS FOR DESPECKLING IN LASER DISPLAY
SYSTEMS.” The aforementioned related applications are
hereby incorporated by reference.

FIELD OF THE INVENTION

This invention relates, generally, to image projection sys-
tems that use lasers as an illumination source. More particu-
larly, this invention relates to an apparatus that inhibits the
speckling caused by lasers in such image projection systems.

DESCRIPTION OF THE PRIOR ART

The high coherence of laser light causes the speckle phe-
nomenon in laser-illuminated systems. Speckle appears as a
stationary pattern of light with dark spots superimposed over
a viewable image.

One prior art device includes high speed rotating mirrors to
move a laser beam on a screen very quickly. Folding mirrors
are mechanically perturbed to disturb a portion of the system
for temporally smearing the speckle effects. It involves mov-
ing parts such as a plurality of piezoelectric actuators.

Another prior art device employs a multi-region phase
modulator array across a laser beam with different phase shift
values at a frequency sufficiently higher than the flicker
fusion rate of the human eye to remove the perception of
speckling artifacts which would otherwise appear due to the
coherency of laser light. The pixilated structures introduce
light loss from diffraction and scattering.

It would therefore be advantageous if such speckle could
be reduced or eliminated by a compact device having no
moving parts.

However, in view of the prior art taken as a whole at the
time the present invention was made, it was not obvious to
those of ordinary skill how the identified needs could be
fulfilled.

SUMMARY OF THE INVENTION

The long-standing but heretofore unfulfilled need for an
apparatus and method for reducing or eliminating speckle in
laser-illuminated systems is now met by a new, useful, and
non-obvious invention.

The inventive optical devices employ liquid crystal layers
and introduce random phase modulation or beam shifting to
eliminate the speckles in laser display systems. In a first
embodiment, the liquid crystal layer is built in a single cell
with a size larger than the laser beam. No pixilated structures
are involved and therefore much less diffraction or scattering
loss of laser light occurs, thereby providing high efficiency.

A device that provides random phase modulation includes
two (2) conductive electrodes disposed in sandwiched rela-
tion to a liquid crystal layer. The liquid crystal molecules
align vertically when an electric field is applied. When the
voltage is removed, the liquid crystal molecules are randomly
oriented due to the absence of alignment layers. This causes
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2

random phase retardation due to the birefringence of the
liquid crystal material and also introduces random phase
modulation across the input laser beam.

A vertically aligned liquid crystal layer can also be used. In
the absence of an electrical field, the device is transparent and
there is no phase modulation of the input laser beam. When an
electric field is applied, the liquid crystal molecules are ori-
ented in different directions and therefore introduce varied
phase modulation to the waveform of the input laser beam.
The amount of phase modulation is adjustable or controllable,
depending on the level of the applied voltage and correspond-
ing frequency.

The device is normally “off” and may save energy because
phase modulation is introduced only when necessary.

Beam shifting that causes variations of optical path lengths
is an alternative to localized phase modulation for removing
speckles. Beam shifting includes slightly steering the propa-
gation direction of a laser beam or linear moving of the laser
beam perpendicular to the propagation direction.

More particularly, in the first embodiment, a liquid crystal
cell is formed by vertically oriented liquid crystal molecules
and randomly oriented liquid crystal molecules. The liquid
crystal cell is disposed in sandwiched relation between an
input electrode and a ground electrode and a first and a second
glass cover are disposed in overlying relation to the input and
ground electrodes, respectively. The liquid crystal cell is
larger than a laser beam in size so that a laser beam follows a
path of travel through the device. Diffraction and scattering
loss of light are substantially eliminated in the absence of
pixel structures.

In a second embodiment, a layer of nematic liquid crystal
molecules is disposed in sandwiched relation between an
input electrode and a ground electrode. A first cover glass and
a second cover glass are disposed in overlying relation to the
input and ground electrodes, respectively. The nematic liquid
crystal molecules are oriented in random distribution when
no voltage is applied to the input and ground electrodes and
said nematic liquid crystal molecules are oriented in verti-
cally oriented distribution when a voltage is applied to the
input and ground electrodes.

A third embodiment has the same structure as the second
embodiment, but the liquid crystal molecules are oriented in
vertically oriented distribution when no voltage is applied to
the input and ground electrodes and said liquid crystal mol-
ecules are oriented in different directions when a voltage is
applied to said input and ground electrodes.

A fourth embodiment includes a layer of vertically aligned
liquid crystal molecules, a first input electrode disposed in
overlying relation to a first side of the layer of vertically
aligned liquid crystal molecules, and a second input electrode
disposed in overlying relation to the first side of said layer of
vertically aligned liquid crystal molecules. The second input
electrode is laterally spaced apart from the first input elec-
trode. A ground electrode is disposed in overlying relation to
said second side of said layer of vertically aligned liquid
crystal molecules, a first cover glass is disposed in overlying
relation to the first and second input electrodes and a second
cover glass is disposed in overlying relation to the ground
electrode. A voltage is applied to the first and second input
electrodes and the vertically aligned liquid crystal molecules
rotate and follow field fringes created by applying said volt-
age to said first and second input electrodes.

A fifth embodiment includes a first spacer having a first
diameter and a second spacer having a second diameter
greater than the first diameter. The first and second spacers are
disposed in longitudinally spaced apart relation to one
another. An input electrode is supported at its opposite ends
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by the first and second spacers and a ground electrode is
supported at its opposite ends by the first and second spacers
in diametrically opposed relation to the input electrode so that
the input and ground electrodes are disposed in oblique rela-
tion to one another. A first cover glass is disposed in overlying
relation to the input electrode and a second cover glass is
disposed in overlying relation to the ground electrode. A layer
of liquid crystal molecules is disposed between the input and
ground electrodes. A first wedge-shaped beam-shifting
device is formed by the first and second cover glasses, the
input and ground electrodes, and the layer of liquid crystal
molecules disposed between the input and ground electrodes.

A second wedge-shaped beam-shifting device has a struc-
ture identical to the first wedge-shaped beam-shifting device
and is disposed relative to the first wedge-shaped beam-shift-
ing device such that the second cover glass of the first wedge-
shaped beam-shifting device abuts the first cover glass of the
second wedge-shaped beam-shifting device. A laser beam
following a path of travel through the first and second wedge-
shaped beam-shifting devices is linearly shifted in a direction
perpendicular to the path of travel.

A sixth embodiment includes a first field-induced gradient
index prism disposed between a first input electrode and a first
ground electrode so that when voltage is applied to the elec-
trodes an electric field is at a maximum strength at the first
input electrode and drops gradually towards zero (0) at the
first ground electrode. A second field-induced gradient index
prism is disposed between a second input electrode and a
second ground electrode so that when voltage is applied to
said second electrodes an electric field is at a maximum
strength at the second input electrode and drops gradually
towards zero (0) at the second ground electrode. The first and
second field-induced gradient index prisms are disposed in
opposing relation to one another so that a thickest end of the
first field-induced gradient index prism is aligned with a
thinnest end of the second field-induced gradient index prism.
A laser beam that follows a first path of travel that intersects
the device at a ninety degree) (90°) angle when no voltage is
applied to the electrodes is shifted slightly from the first path
of travel when voltage is applied to the electrodes. Rapid
application and removal of a voltage to the electrodes sub-
stantially eliminates speckles from the laser beam.

In a seventh embodiment, a mirror is positioned at a forty
five degree (45°) angle so that a path of travel of a reflected
laser beam is bent ninety degrees (90°) from an input laser
beam. A liquid crystal layer of uniform thickness is posi-
tioned in sandwiched relation between a pair of electrodes.
Theliquid crystal layer and the pair of electrodes is positioned
in sandwiched relation between the mirror and a cover glass
so that linear beam shifting is accomplished by rapid alter-
nating application and removal of voltage to and from the
electrodes, respectively.

In an eighth embodiment, a mirror is positioned at a forty
five degree (45°) angle so that a path of travel of a reflected
laser beam is bent ninety degrees (90°) from an input laser
beam. A liquid crystal layer of uniform thickness is posi-
tioned in sandwiched relation between a pair of electrodes. A
cover glass is positioned in sandwiched relation between the
mirror and liquid crystal layer and the pair of electrodes so
that linear beam shifting is accomplished by rapid alternating
application and removal of voltage to and from the electrodes,
respectively.

A ninth embodiment is an integrated device for despeck-
ling in laser display systems.

It includes at least a first and a second device for reducing
speckles in the system. The first and second devices are dis-
posed parallel to one another and perpendicular to a path of
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travel of a laser beam so that multi-function and high-speed
modulation is provided to eliminate speckles in laser-illumi-
nated display systems.

The primary object of this invention is to provide a solid
state electro-optical solution to the despeckling problem.

Another object is to solve the despeckling problem with a
non-mechanical means that is robust and requires low oper-
ating voltage.

Yet another object is to solve said problem with high trans-
parence and high efficiency.

Still further objects are to solve said problem with a low
power consumption device that is compact, simple, and that
has a low cost when produced in high volume.

These and other important objects, advantages, and fea-
tures of the invention will become clear as this description
proceeds.

The invention accordingly comprises the features of con-
struction, combination of elements, and arrangement of parts
that will be exemplified in the description set forth hereinafter
and the scope of the invention will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be made to the following detailed
description, taken in connection with the accompanying
drawings, in which:

FIG. 1 is a diagrammatic perspective view of a first
embodiment of the novel despeckling apparatus;

FIG. 2A is a sectional view of a second embodiment;

FIG. 2B is a sectional view of the second embodiment;

FIG. 3A is a sectional view of a third embodiment;

FIG. 3B is a sectional view of the third embodiment;

FIG. 4 is a sectional view of a fourth embodiment;

FIG. 5A is a sectional view of a fifth embodiment;

FIG. 5B is a sectional view of the fifth embodiment;

FIG. 6 is a diagrammatic view depicting the performance
of the fifth embodiment;

FIG. 7 is a side elevational view of a sixth embodiment;

FIG. 8A is a sectional view of a seventh embodiment;

FIG. 8B is a side elevational view of a first field-induced
gradient index prism used in said seventh embodiment;

FIG. 8C is a side elevational view of a second field-induced
gradient index prism used in said seventh embodiment;

FIG. 9 is a sectional view of an eighth embodiment;

FIG. 10A is a diagrammatic side elevational view of a ninth
embodiment;

FIG.10B is a diagrammatic side elevational view of a tenth
embodiment; and

FIG. 11 is a diagrammatic side elevational view of an
eleventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The text accompanied by FIGS. 1-4 relates to the subject of
phase modulation across the beam.

Referring now to FIG. 1, it will there be seen that an
illustrative embodiment of the invention is denoted as a whole
by the reference numeral 10.

Apparatus 10 removes speckles by randomly varying the
phase or waveform across alaser beam. A single liquid crystal
cell 12 is positioned between two (2) glass substrates 14, 16,
both of which have flat surfaces. The liquid crystal molecules
of liquid crystal cell 12 are either randomly or vertically
oriented. Cell 12 is larger in size than input laser beam 18a
and therefore no pixel structures are required to eliminate or
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substantially inhibit diffraction or scatter loss of laser light.
The output laser beam is denoted 185. There are no alignment
layers; accordingly, the need for a polyimide rubbing process
is also eliminated. The input and ground electrodes that sand-
wich the liquid crystal layer in FIG. 1 are not depicted to
simplify the drawing.

FIGS. 2A and 2B depict a liquid crystal device 20 having a
nematic liquid crystal layer 22 sandwiched between input
electrode 24 and ground electrode 26. Cover glasses 14, 16
overlie said electrodes 24 and 26, respectively. FIG. 2A
depicts the random alignment of the liquid crystal molecules
when no voltage is applied and FIG. 2B depicts the vertical
alignment thereof when voltage is applied. No rubbing and
pre-alignment are involved. The orientation of the incident
laser beam is not important.

The liquid crystal device 20 depicted in FIGS. 3A and 3B
functions in a reverse manner vis a vis the device of FIGS. 2A
and 2B. As depicted in FIG. 3A, when no voltage is applied,
the device has a vertically aligned liquid crystal layer 22
between cover glasses 14, 16. Transparent ITO (Indium Tin
Oxide) 28 is deposited on glass covers 14, 16. The vertical
alignment of FIG. 3A allows coherent light to travel there-
through in the absence of phase modulation. As depicted in
FIG. 3B, the liquid crystal molecules are oriented in different
directions when a voltage is applied.

Device 30, depicted in FIG. 4, provides phase modulation
by applying an electric field to two (2) input electrodes 24a,
245 deposited on cover glass 14. When a voltage is applied,
the vertically aligned liquid crystal molecules rotate and fol-
low the field fringes between the two (2) input electrodes as
indicated by inclined hash marks 22a.

The text accompanying FIGS. 5 and 6 relates to the subject
of angular beam shifting.

FIGS. 5A and 5B depict liquid crystal device 40 for intro-
ducing angular deviation of a laser beam. Spacers 42, 44 of
differing sizes are used to form liquid crystal layer 22 having
a generally wedged or tapered shape.

The index of refraction of the liquid crystal molecules
varies when a voltage is applied to or removed from elec-
trodes 24, 26. The incident beam is steered in a very small
angle as depicted in FIG. 6 where the solid line represents the
path of travel of laser light when voltage is applied to elec-
trodes 24, 26 and the dotted line represents the path of travel
of said laser light when no voltage is applied to said elec-
trodes. This changes the light distribution on screen 46 and
therefore removes speckles. The angular shift of input laser
beam 18a is controlled with precision so that the size increase
of output laser beam 185 is small and does not affect the
resolution of the display.

The text accompanying FIGS. 7-11 relates to the subject of
linear beam shifting.

In angular beam shifting, the size of the output laser beam
varies, depending on the propagation distance. Constant
beam size is achieved with linear beam shifting.

A linear beam shifting device 50 having two (2) wedged
liquid crystal layers 40, 40 is depicted in FIG. 7, said layers
40, 40 being the same structures depicted in FIGS. 5A, 5B,
and 6. In a first state, the molecules in the liquid crystal layer
are vertically aligned. A laser beam therefore travels through
it in the absence of modulation. In a second state, the index of
the liquid crystal layers changes as no voltage is applied to
electrodes 24, 26 and two (2) liquid crystal layers are formed.
The two (2) liquid crystal wedges are identical but oppositely
oriented. Accordingly, the output laser beam has a linear shift
in the direction perpendicular to beam propagation as clearly
indicated by the solid and dotted paths of travel in FIG. 8. The
beam shifts continuously between the “on” and “oft™ states.
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Thus, output laser beam 185 has a larger size or footprint than
input laser beam 18a. The amount of beam shifting is very
small and controllable.

Such beam shifting can also be realized by employing two
(2) field-induced, gradient-index prisms 62, 64 as depicted in
FIGS. 8 A-C. Electrodes 26, 26 on a first side of device 60 are
grounded as depicted in FIG. 8A. Accordingly, the electric
field is at a maximum strength at the input electrodes 24, 24
and drops gradually towards zero (0) at grounded electrodes
26, 26. This introduces a gradient index distribution across
liquid crystal layers 22, 22. The liquid crystal layers therefore
function as optical prisms 62, 64, and shift the laser beam
quickly between the “on” and “off” states as indicated in FIG.
8A.

Beam shifting can also be accomplished by tilting liquid
crystal device 70 having a uniform liquid crystal layer 72 as
depicted in FIG. 9. Switching liquid crystal device 70 “on”
and “off” changes the index of refraction of liquid crystal
layer 72. This change in the index of refraction causes a linear
shift in input laser beam 18a as depicted. The same effect is
achieved by physically tilting device 70 first in a first
upwardly inclined plane and secondly in a second down-
wardly inclined plane without switching device 70 “on” and
“oft)” i.e., without alternately applying and removing a volt-
age to electrodes 24 and 26.

FIGS. 10A and 10B depict devices 80 and 90, respectively,
for linearly shifting a laser beam. The reflection arrangement
affects an optical path difference. This enables formation of
thin layers of liquid crystal 22 so that the device can be
switched faster. The reflection configurations are also appli-
cable for random phase modulation and angular steering of
laser beams.

More particularly, in FIG. 10A a layer of liquid crystal
molecules 22 is sandwiched between mirror 82 and cover
glass 16. The electrodes that sandwich liquid crystal mol-
ecules 22 are not depicted to simplify FIG. 10A.

The embodiment of FIG. 10B differs from the embodiment
of FIG. 10A in that cover glass 16 and the layer of liquid
crystal molecules 22 is reversed. The electrodes that sand-
wich liquid crystal molecules 22 are not depicted to simplify
FIG. 10B.

Device 100 of FIG. 11 is built by integrating together
multiple devices such as devices 10,20, and 30 of FIGS. 1,2A
and 2B, and 3A and 3B, respectively, for multi-function and
high-speed modulation to eliminate speckles in laser-illumi-
nated display systems.

It will thus be seen that the objects set forth above, and
those made apparent from the foregoing description, are effi-
ciently attained and since certain changes may be made in the
above construction without departing from the scope of the
invention, it is intended that all matters contained in the
foregoing description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in a limiting
sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention that, as a matter of language, might be said to
fall therebetween.

What is claimed is:

1. A method for providing a display device comprising the
steps of:

providing a laser beam; and

despeckling the laser beam using the steps of:

providing a liquid crystal cell comprising a layer of
liquid crystal molecules that are selectively operable
in first and second states such that one of the first and
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second states corresponds to the liquid crystal cell
having vertically oriented liquid crystal molecules in
the layer, and another of the first and second states
corresponding to the liquid crystal cell having ran-
domly oriented liquid crystal molecules in the layer;

passing the laser beam through the liquid crystal cell;

providing a first electrode and a second electrode to the
liquid crystal cell, the layer of liquid crystal molecules
disposed uniformly between and in contact with the
first and second electrodes; and

applying a voltage to and removing the voltage from the
first electrode and second electrode for operating the
liquid crystal cell between the first and second states
to despeckle the laser beam.

2. A method for providing a display device as in claim 1,
further comprising the steps of:

vertically orienting the liquid crystal molecules in the layer

in the first state and randomly orienting the liquid crystal
molecules in the layer in the second state;

sizing the liquid crystal cell so it is larger than the laser

beam in size; and

substantially eliminating diffraction and scattering loss of

light in the absence of pixel structures.

3. A method for providing a display device as in claim 1,
wherein the liquid crystal molecules in the layer are nematic
liquid crystal molecules.

4. A method for providing a display device as in claim 1,
further comprising the steps of:

disposing a first cover glass and a second cover glass in

overlying relation to the first and second electrodes,
respectively;

orienting the liquid crystal molecules in the layer in the first

state when no voltage is applied to the first and second
electrodes; and

orienting the liquid crystal molecules in the layer in the

second state when a voltage is applied to the first and
second electrodes.

5. A method for providing a display device as in claim 1,
further comprising the steps of:

vertically aligning the liquid crystal molecules in the layer;

disposing the first electrode in overlying relation to a first

portion of a first side of the layer of vertically-aligned
liquid crystal molecules;

disposing a third electrode in overlying relation to a second

portion of the first side of the layer of vertically-aligned
liquid crystal molecules;

laterally spacing the third electrode apart from the first

electrode;

disposing the second electrode in overlying relation to a

second side of the layer of vertically-aligned liquid crys-
tal molecules;
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disposing a first cover glass in overlying relation to the first

and second electrodes;

disposing a second cover glass in overlying relation to the

second electrode; and

rotating the vertically-aligned liquid crystal molecules in

the layer to follow field fringes created when a voltage is
applied across the first and third electrodes.

6. A method of operating a display device, comprising the
steps of:

providing a liquid crystal cell, the liquid crystal cell com-

prising a layer of liquid crystal molecules that are selec-
tively operable in first and second states, one of the first
and second states corresponding to the liquid crystal cell
having vertically oriented liquid crystal molecules in the
layer, and another of the first and second states corre-
sponding to the liquid crystal cell having randomly ori-
ented liquid crystal molecules in the layer, the liquid
crystal cell having no alignment layers and no pixels;

providing the liquid crystal cell with a first electrode and a

second electrode, the layer of liquid crystal molecules
disposed uniformly between and in contact with the first
and second electrodes;

passing a laser beam through the liquid crystal cell; and

successively applying a voltage to and removing the volt-

age from the first electrode to the second electrode such
that the liquid crystal cell operates to reduce speckling
and to provide a coherent laser beam output.
7. A method of operating a display device by despeckling a
laser beam upon passing through a liquid crystal cell having
no alignment layers or pixel electrodes, comprising the steps
of:
providing a liquid crystal cell, the liquid crystal cell com-
prising a layer of liquid crystal molecules that are selec-
tively operable in first and second states, one of the first
and second states corresponding to the liquid crystal cell
having vertically oriented liquid crystal molecules in the
layer, and another of the first and second states corre-
sponding to the liquid crystal cell having randomly ori-
ented liquid crystal molecules in the layer,
providing the liquid crystal cell with a first electrode, a
second electrode, and a voltage source in switched elec-
trical communication with the electrodes, the layer of
liquid crystal molecules disposed uniformly between
and in contact with the first and second electrodes;

passing a laser beam through the liquid crystal cell;

successively applying a voltage to and removing the volt-
age from the first electrode and second electrode such
that the liquid crystal cell operates between the first and
second states to despeckle and to provide a coherent
laser beam output.
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